Abstract: Predation rates on the eggs and young of forest-nesting songbirds typically rise in association with anthropogenic fragmentation, but predator responses depend on the spatial scale of disturbance, context, and predator assemblages present. For landscapes that are naturally fragmented, such as the boreal forest, our understanding of nest predation patterns associated with harvest may be further confounded by an additive response of nest predators to the loss of forest cover and the extension of habitat edges. We examined predation rates on artificial nests across a range of values for landscape metrics reflecting natural and anthropogenic forest fragmentation during two summers in boreal forest stands of western Newfoundland, Canada. Nest predation by gray jays (Perisoreus canadensis (L.)) increased significantly in logged areas, and gray jay abundance was positively linked to increasing amounts of logged edge; however, there was no response to the extent of natural openings suggesting that nest predation by jays was additive in the presence of harvest-created openings. In contrast, neither mammalian nest predators nor the unidentified predators (responsible for the largest proportion of nest losses) showed any association with the landscape fragmentation metrics assessed. Year effects shown by the unidentified nest predator category did coincide with a marked increase in small mammal and Newfoundland marten (Martes americana (Turton) subsp. atrata (Bangs)) populations during our study. Thus, we were able to identify an additive predation response to logging, but also that the activities of predators may vary over space and time and, in turn, may variably influence the success of songbirds nesting in forests fragmented by logging.
Introduction
Loss of eggs and young (hereafter nest predation) among forest-nesting songbirds typically rises as forest habitats become increasingly fragmented (Andrén 1995; Robinson et al. 1995) . These higher rates of nest predation have been largely attributed to the increase in forest edge created when breeding habitats become fragmented (Batáry and Báldi 2004) , and this effect has been noted particularly in agriculture-dominated landscapes . Andrén (1995) suggested that the prevalence of habitatgeneralist predators in agriculture-dominated areas was a possible reason for edge-related predation effects. According to Andrén (1995; see also Angelstam 1986) , generalist predators living in one habitat type (i.e., farmland), penetrate into the less preferred habitat (i.e., forest), resulting in increased predation pressure along the forest edge. Similar studies in fragmented coniferous forest areas (reviewed by Paton 1994; Batáry and Báldi 2004) have seldom found the same extent of edge-related nest predation. In these situations, human activity (i.e., agriculture) was limited, and forest harvesting dominated the landscape (Bayne and Hobson 1997; Boulet et al. 2000) . Nevertheless, Manolis et al. (2002) , in their review of nest predation studies, report elevated rates of predation near clearcut edges of northern hardwood-conifer landscapes.
Thus, although some patterns in predator foraging behaviour are emerging, reviews of nest predation studies (Chalfoun et al. 2002; Batáry and Báldi 2004) show that predator responses to habitat fragmentation remain variable, with some (Ryall and Fahrig 2006) also suggesting that habitat loss may be more important in determining predator behaviour than fragmentation per se. Chalfoun et al. (2002) examined a suite of underlying mechanisms influencing nest predation rates (e.g., habitat edges, habitat patch size, and landscape type) and concluded that predator responses to forest fragmentation are complex, variable, and dependent on the spatial scale of disturbance (local vs. landscape scale), context (agricultural vs. forest-dominated areas), and predator assemblages within different geographical regions. More recently, in a meta-analysis of 64 nest predation experiments, Batáry and Báldi (2004) reported that the importance of edge-related nest predation is enhanced in anthropogenically fragmented landscapes. They summarized their findings in the form of three alternative hypotheses: (i) that increased nest predation along forest edges results from habitat discontinuity (edge-effect hypothesis), (ii) that nests in more fragmented landscapes will be more heavily preyed upon (landscape-structure hypothesis), and (iii) that increased nest predation near anthropogenic edges is related to human activities (human-disturbance hypothesis). These hypotheses are interrelated, and nest predation experiments designed to test them need to be placed in a landscape context to distinguish among these effects (Batáry and Báldi 2004) . However, Batáry and Báldi (2004) also indicated that, relevant to both the landscape-structure and edge-effect hypotheses, there have been few comparisons of nest predation rates between naturally and anthropogenically fragmented landscapes. Consequently, the potential for an additive response by predators has not been examined. It remains unclear whether levels of nest predator activity associated with increasing levels of harvest and greater amounts of anthropogenic edge exceed that expected on landscapes characterized by varying levels of natural fragmentation.
Boreal forests are typically fragmented by extensive bogs, barrens, and small waterbodies, making them an ideal system to study differences in predator response to natural versus anthropogenic landscape-level heterogeneity. We assessed depredation of artificial nests in boreal forest stands of western Newfoundland characterized by varying levels of natural fragmentation and timber harvest. We sought to determine whether there was any additive response to loss of forest cover resulting from timber harvest versus natural patchiness in terms of more concentrated nest predator activities in those remaining forest patches. Likewise, we assessed whether the amount of forest edge (harvest based vs. naturally present) influenced predator activity in an additive fashion. An additive response would be indicated where nests that, otherwise would have remained intact were depredated with more harvesting because of higher predation rates. In contrast, a compensatory response would be indicated if the predator community composition was altered as landscape heterogeneity changed, but nest depredation rates remained the same.
Methods

Study area
We conducted this study over two summers (2002 and 2003) in the upper Humber River and Main River watersheds, spanning an area of approximately 400 km 2 on the eastern slope of the Long Range Mountains in western Newfoundland, Canada (Fig. 1) . This area is part of the Northern Peninsula Boreal Forest Region (Rowe 1977) classified by Damman (1983) as the Eastern Long Range Subregion of the Northern Peninsula Ecoregion. Elevation ranged from 250 to 500 m. Forests in the study area are relatively open, slow growing, and dominated by old-growth balsam fir (Abies balsamea (L.) Mill.) with a significant component of black spruce (Picea mariana (Mill.) BSP) on poorly drained sites (Damman 1983) . These watersheds are naturally fragmented by bogs and fens and by black spruce krummholz and alpine heath barrens, which occur at higher elevations. McCarthy and Weetman (2006) provide an in-depth description of the Main River watershed; this portion of the study area was largely inaccessible by road until the late 1990s. Forests here remain relatively intact with only modified selection harvest used on a limited basis. This was done to reduce the effects of forestry on the endangered Newfoundland marten (Martes americana (Turton) subsp. atrata (Bangs)) and to maintain landscape connectivity with Gros Morne National Park, which is adjacent to this watershed. In contrast, clearcut logging began in the early 1990s in the upper Humber River watershed, affecting~70% of the area. Remnant stands exist but only along stream riparian zones, bog margins, and as conifer-scrub corridors. Regenerating balsam fir, 3 m tall, occurred on some of the earlier cut sites in the upper Humber River watershed.
Landscape study sites
To examine patterns of nest predation in response to natural and anthropogenic forest fragmentation, we established 1500 m transects at 18 sites equally split between adjacent areas of the two neighbouring watersheds (Fig. 1) . Within each watershed, we chose sites to reflect the broad range of harvest levels and natural openings across the entire study area. For example, although the Main River watershed was largely intact, we were able to find individual sites with extensive clearing; conversely, we found sites with limited harvesting in the Humber River watershed. Thus, overall, the characteristics of sites in each watershed overlapped extensively in terms of the landscape metrics we measured (see Results). Sixteen sites were established in 2002. All but one were sampled again the second year, along with two new sites in 2003. Where landscapes were dominated by clearcuts, transects were located within forest remnants and less-disturbed areas.
We delimited the landscape of interest surrounding individual study sites on a geographical information system (GIS; ESRI 1999) by centering a 5 km 2 circular area over each transect. Overlap among these areas was avoided for all but two sites, where overlap was <10%, making it unlikely to affect study results. Based on air photograph interpretation and the current provincial forest inventory database (Newfoundland and Labrador Department of Natural Resources, St. John's, N.L.), a landcover map was created, and the following landscape fragmentation metrics were determined for each 5 km 2 area using GIS (ArcGIS version 8.3): percent logged area (harvest blocks and road corridors), percent natural nonforest area (bogs, barrens, and waterbodies), percent forest, number of forest patches, amount of logged edge (kilometres of forested edge along harvest blocks and forestry roads), and natural edge (kilometres of forest edge along bogs, barrens, and waterbodies). Areas of widely spaced, short conifer scrub vegetation (classified in the forest inventory database as having a crown density of 0%-25% and a height of 0-3.5 m) were included in the natural nonforest area category, because these were associated with bogs and barrens.
Artificial nest protocol
We established 30 artificial nest stations at 50 m intervals along each 1500 m transect (Fig. 1) . Artificial nest experiments were conducted using cup-shaped 10 cm diameter wicker baskets lined with dried grass. One Japanese quail egg (Coturnix japonica Temminck & Schlegel) was placed in each nest in 2002. However, a supply of eggs for this spe- cies was not available the second year, and the slightly smaller Chinese painted quail eggs (Xexcalfactoria chinensis (L.)) had to be used in 2003. Lewis and Montevecchi (1999) demonstrated that this difference in egg size has little influence on predation results. Each nest also held a modeled egg of clay lightly mixed with dark organic soil to simulate the colour of the real egg. This clay egg was wired into the nest to record identifying bite marks of a predator disturbing the nest. The clay egg enhanced the chances of detecting smallmouthed mammalian predators (forest mice, i.e., Microtus spp. and Peromyscus spp. in Newfoundland), that, otherwise, might not have been detected because of the shell thickness of the real egg (Roper 1992) . During 2002, 477 artificial nests were placed along 16 transects, either on the ground (n = 240) or in a tree (n = 237). Similarly, 251 ground nests and 254 tree nests were placed during 2003 (n = 505). We maximized visual concealment by selecting nest sites similar to those used by boreal forest passerines (Harrison 1975) . Ground nests were concealed under mossy overhangs, at the base of fallen logs, under coarse woody debris, and amidst vegetation. Tree nests were concealed in the foliage of trees and shrubs and secured in place 1-2 m above the ground with black cable ties.
To mitigate experimental bias in visual cues used by predators, we spaced the nests 50 m apart, alternated between ground nests and tree nests, and placed them away from the flagging used for identifying the nest stations. To reduce olfactory cues (Reitsma et al. 1990 ) as much as possible, nests and eggs were handled using rubber gloves, rubber boots were worn during nest placement, and all wicker ''nests'' were left out to weather in a forest for at least a week prior to placement.
Coinciding with the breeding period of forest nesting songbirds in this region, the artificial nests were left unattended for 14 consecutive days from mid-June to early July. Clay eggs were collected from disturbed nests and carefully inspected for predator bite impressions. A smallmammal skull collection was used to discriminate between the bite marks of forest mice and red squirrels (Tamiasciurus hudsonicus (Erxleben)). Except for common ravens (Corvus corax L.), gray jays (Perisoreus canadensis (L.)) were the only avian nest predators in the study area likely to take eggs from nests. Moreover, gray jays constituted the vast majority (>85%) of potential avian predators detected during annual point count surveys conducted for unrelated research in the region (D. Whitaker, personal communication, 2005) . Although gray jay foraging activities at real nests have never been precisely quantified, based on limited study this species has been consistently identified as a potentially important predator of forest songbird eggs and nestlings (Strickland and Ouellet 1993) and it is known to forage specifically along the edges of clearcuts in fragmented boreal forest landscapes (Ibarzabal and Desrochers 2004) . Additionally, gray jays were observed inspecting and depredating both real and artificial nests in our study area (R.G. Thompson, personal observation, 2002) and in the region (D. Whitaker, personal communication, 2005; K. Dalley, personal communication, 2008) , and all beak impressions on clay eggs were comparable with those of a gray jay study skin. Thus, we assumed that all indications of avian presence at an artificial nest were associated with gray jay predation attempts. When predators could not be identified from clay egg remains (or the eggs were absent), the disturbance was recorded as the result of an unidentified predator. After initial examination of the data, we simplified the analyses by categorizing all predation events into three types: gray jay, mammal, and unknown.
Gray jay survey
During 2003, we counted gray jays on each of the 18 sites, using the line transect method (Bibby et al. 1993 ) to examine whether jay occurrence was associated with any of the landscape metrics we measured. Monthly from June through August, the number of jays observed (visible and audible) within 100 m of each artificial nest transect was recorded. The combined count (per transect) from three surveys was used to develop a measure of relative abundance.
Statistical analyses
We used the SAS program PROC GENMOD (SAS Institute Inc. 2001) in a generalized linear model approach to Poisson regression (Agresti 1996) to examine the effect of landscape fragmentation metrics on the absolute number of nest predations in each predator category separately (i.e., gray jay, mammalian, and unidentified predators), as well as nest losses to all predators combined. The balanced experimental design (n = 30 per transect) was suited for Poisson regression analyses because the number of nests varied little among the landscapes. The OFFSET command (SAS Institute Inc. 2001) was used to compensate where the number of nests per transect differed (e.g., 29 vs. 30 nests). To prevent the effects of multicollinearity among parameters from potentially reducing the importance of a model predictor (Agresti 1996) , Pearson correlation analysis was applied, leading to the removal of two highly correlated metrics and leaving percent logged area, length of logged edge, percent natural nonforest area, and length of natural edge. We chose to retain both percent logged area and length of logged edge despite their high coefficient (r = 0.74) because of their common occurrence in the literature and, thus, heuristic value in comparing our results with those of other studies. Because the number of explanatory variables was still relatively high for the number of landscape observations (4 metrics Â 33 landscape observations), we used a forward manual stepwise procedure to further avoid overparameterization in the models. Data from both study years were pooled for the analyses. Many of the same landscapes were sampled in the second year; hence, we included year as a main effect in the models to account for potential differences between years. Finally, a scaled deviance parameter was specified in the Poisson models to correct for potential effects of overdispersion (Agresti 1996) . Criteria for including model variables were determined using p 0.1; parameters were considered statistically significant when 0.05. Results were expressed as type 3 analysis (SAS Institute Inc. 2001) and reported as maximum-likelihood chi-square (G statistic) probabilities (Agresti 1996) , along with parameter estimates to show the relationships (positive or negative) of the effects. We did not report full predation rate model outputs for results that were not statistically significant with the exception of year effects on gray jay predation rates (see Results for explanation). The same Poisson regression approach also was used to examine the relationship between gray jay abundance and the various landscape metrics measured for this study. To account for different numbers of individuals seen per transect, a scaled deviance command was inserted into the model statements to account for overdispersion in these data.
We compared landscape metrics and gray jay density for sites in the Humber and Main River drainages using MannWhitney U tests. We also examined the association between gray jays and both site elevation (averaged across the 5 km 2 circular surface using the ArcGIS version 8.3 GIS) and latitude (at the centre point of each circle) using a Pearson's correlation coefficient. In both the latter analyses, we had only 17 samples because one site sampled in 2002 was completely clearcut between seasons.
Results
Although the broader landscapes of the Humber and Main River watersheds had different logging histories and extents of harvest, values for landscape metrics within the 5 km 2 circular areas surrounding each transect overlapped extensively with no significant differences between watersheds except for the number of forest patches present (Table 1) . In particular, the metric most likely to reflect the prelogging state (percent natural nonforest area) suggests that our analyses were not confounded by inherent differences between sites in the two watersheds. Likewise, although sites were extended along a north-south axis, with those in the Main River at significantly higher elevations than sites in the Humber River drainage, gray jay density was not different between watersheds (Table 1) and did not vary with elevation (r = -0.337, n = 17, p = 0.18) nor with latitude (r = -0.129, n = 17, p = 0.61) indicating that jay presence was independent of these parameters.
Total predation was 44% (430 of 982 nests), with nest loses in 2002 and 2003 at 35% (169 of 477 nests) and 52% (261 of 505 nests), respectively (Table 2) . Poisson regression models examining responses by each predator category separately revealed links to landscape metrics for gray jays and all predators combined. Gray jay predation was influenced by percent logged area with a 2.3% increase in predation for every 1% increase in logged area (see parameter estimate for gray jay) (Table 3; Fig. 2 ). We detected no response by jays to the amount of natural nonforested area nor to the amount of either logged or natural edge. Although jay predation displayed no overall effect for year, the appearance of year effects for other groups (see below) led us to calculate parameter estimates for each year separately; we found a positive trend for the percent logged area each year (see Table 3 , parameter estimates for gray jay (year)). In contrast with gray jay nest predation levels, we found that gray jay abundance determined from transect counts was not linked to percent logged area within the 5 km 2 circular area around each transect, yet increased jay numbers were associated with higher amounts of logged edge in these areas (G = 5.57, df = 1, p = 0.0182). Model analyses with all predators combined produced a significant year effect, along with a negative relationship to the length of natural edge (Table 3 ; Fig. 3 ), but no influence by amount of logged edge or decline in forest cover. For no group was the number of forest patches, the only landscape metric that differed between watersheds, a significant predictor of predator activity.
Unidentified predators were responsible for 62% of all predation (50% in 2002 and 69% in 2003) , but their activities were not associated with any natural or anthropogenic landscape metric that we measured. Unidentified predation events in the study differed by year with significant year effects in all the models. When the intercept parameter was excluded in a model with year only, this enabled examination of each year separately and revealed that this year effect was greatest in 2003 (note parameter estimates in Table 3 ). Year effects were not surprising because an increase in the proportion of nest losses to unidentified predators between study years (18%-36%) ( Table 2 ) was also significant (Z = 12.36, df = 1, p < 0.0001; one-tailed test for proportions).
Mammalian predators were comprised largely of forest mice ( Table 2 ) that preyed exclusively on artificial ground nests (G = 19.41, df = 1, p < 0.001; log-likelihood ratio), and did not show any links to landscape metrics. Conversely, gray jays were strongly associated with predation upon tree nests (G = 15.58, df = 1, p < 0.001; log-likelihood ratio).
Discussion
Landscape-level forest cover loss attributable to harvest influenced the pattern of artificial nest predation that we observed in an additive fashion. When we examined the number of nests depredated across 18 study sites with varying levels of both natural and anthropogenic openings, we found that the proportion of land cleared by logging was positively associated with an increase in the loss of eggs from these nests, whereas the extent of natural openings had no influence. Thus, it would appear that not just the amount of forest cover lost is important but the extent of cover lost to harvest, which we interpret as an additive response. In particular, there was a clear and consistent response by gray jays across years, with elevated nest predation in areas where logging dominated the landscape. Although modified by a strong year effect, the pattern for all predators combined indicated a similar relationship, with more eggs lost from nests as the amount of natural edge in the surrounding landscape declined. Reflecting the extent of edge along bogs, barrens, and waterbodies, natural edge would be expected to decrease in association with harvesting because those edges not protected by riparian buffer legislation (i.e., along bogs and barrens) are effectively converted to logged edge. This links the amount of natural edge with extent of harvesting negatively, suggesting again that landscape-level changes are influencing predator behaviour (rather than predator community composition) and, thus, leading to further loss of eggs from artificial nests through the creation of predator hotspots (Schmidt et al. 2006) .
Our overall results are comparable with those from other studies that suggest that songbirds and their predators respond to large spatial-scale modification of forest composition and configuration (Schmiegelow and Mönkkönen 2002; Taylor and Krawchuk 2005) . However, they contrast with the interpretation of Ibarzabal and Desrochers (2005) who cite a series of related studies in the balsam fir boreal forests of central Quebec suggesting that landscape structure had little influence on predation risk. Reasons for this difference between our findings and those from the relatively similar forests of Quebec are not clear but may be related to differences in historical patterns of forest harvesting between the two areas or to differences in the predator guilds (see below). Although we did observe increased gray jay numbers in association with the amount of logged edge in our study area, the absence of direct links between number of eggs lost from nests and the extent of logged edge mimics the growing consensus that anthropogenic edges in forests are not, in and of themselves, as dangerous a place to nest as once thought (Ibarzabal and Desrochers 2001; Lahti 2001) .
Eggs were lost to predators during this study at rates within the range reported from other artificial nest studies in the boreal forest, both overall (e.g., Bayne and Hobson 3 (1) 41 (17) 44 (9) 7 (3) 30 (12) 37 (7) Unidentified predators 17 (7) 68 (29) 85 (18) 66 (26) 114 (45) 180 (36) Total 60 (25) 109 (46) 169 (35) 117 (47) 144 (57) 261 (52) 1997; Boulet et al. 2003) and for nests placed only on substrates above the ground (summarized by Ibarzabal and Desrochers 2005) . Concerns have been raised regarding the use of artificial nests as ''real nest'' surrogates for direct indices of predation on bird productivity (Willerbrand and Marcström 1988; Moore and Robinson 2004) . In the context of this study, more work is needed to confirm the importance of gray jays as predators of real nests. However, artificial nests may provide a relative measure of the potential risk of nest depredation associated with different nesting environments (Major and Kendal 1996; Batáry and Báldi 2004) . The commonly seen pattern of artificial ground nests depredated almost exclusively by mammals, and eggs in artificial shrub and tree nests being taken by birds and (or) arboreal mammals (Bayne and Hobson 1997; Ibarzabal and Desrochers 2001) , was duplicated in this study. However, there was a significant difference between the predator guild present in our study area and that for research conducted in other Canadian boreal forest ecosystems. Along with an absence of snakes, the island of Newfoundland lacks several mustelids (including the striped skunk, Mephitis mephitis Schreber, and raccoon, Procyon lotor (L.)). Many regions of the island also have no red squirrels, which were only introduced to western Newfoundland in 1963. Although relatively common in the upper Humber River watershed, squirrels were essentially absent from the Main River portion of the study area . As a consequence, the combined domination of nest depredator guilds by red squirrels and corvids (particularly gray jays) typical of most other Canadian boreal studies (Saskatchewan, Bayne and Hobson 1997; Alberta, Cotterill and Hannon 1999; Quebec, Boulet et al. 2003) was not seen on our study area and may have resulted in the response by gray jays to landscape effects that we detected. In addition, other studies reported increased nest predation by gray jays along forest edges in logged areas (Bayne and Hobson 1997; Sieving and Willson 1998) , as well as a tendency to use forest edges in clearcuts more than the surrounding boreal forest (Ibarzabal and Desrochers 2004) . Despite a correlation between the amount of forest edge and the percent area logged (Pearson's r = 0.74388, p < 0.0001), we did find a link between predation levels and the extent of area logged but no patterns in nest predation by jays related to edge length.
The prominence of gray jays among potential predators, and the relative absence of a major competitor for eggs in the form of red squirrels, particularly when compared with the studies completed in Quebec (see citations above) and other areas of Newfoundland (Lewis 2004) , may have increased the detectability of gray jay predation patterns in our study. These patterns observed may also be a reflection of the manner in which gray jays interact with the landscape: focussing on a broader scale when compared with the other prominent nest predator in the boreal forest, the red squirrel. Having a larger home range (69-146 ha; Strickland and Ouellet 1993) , gray jays may be more likely to respond to landscape-scale activities and changes in configuration than do red squirrels, which have home ranges <5 ha (Banfield 1977) . Thus, the differences in results between our study and those of Ibarzabal and Desrochers (2005) may have arisen because of the composition of the predator guild and intraguild interactions that may influence their relative behaviour.
There was a consistent level of predation on artificial nests by forest mice, as has been reported in studies elsewhere (Maxson and Oring 1978) . Although some have questioned whether small-mouthed rodents have the ability to penetrate the shells of passerine eggs, laboratory experiments by Maier and DeGraaf (2001) demonstrated that captive white-footed deer mice (Peromyscus leucopus (Raf.)) were able to open house sparrow (Passer domesticus (L.)) eggs and, thus, are of consequence when considering potential ecological effects on ground-nesting songbirds. Additionally, meadow voles on the island of Newfoundland (Microtus pennsylvanicus (Ord) subsp. terraenovae Bangs) are 20% larger than their mainland counterparts, reaching a maximum size of 80 g (Northcott 1974 ). Hence, they are more likely to constitute a threat to ground-nesting songbirds.
Although small mammals did not show patterns of nest predation linked to any landscape metric, of greater signifi- cance was their apparent role in influencing other potential nest predators. During our study, the meadow vole population rose from a mean annual density of 7.3 individuals/ha in 2002 to 34.3 individuals/ha in 2003 . In addition, meadow voles on the island of Newfoundland undergoing rapid population growth are known to expand their range to occupy not just meadows and tundra areas, but also forest stands (Northcott 1974; Sturtevant and Bissonette 1997) . Over the same 2 year period as this study, a live-trap monitoring program revealed that Newfoundland marten numbers in the same region as this study also increased from 0.58 individuals/100 trap-nights in 
Implications for forest management
Songbirds nesting in North American boreal forests face a variety of possible threats to their eggs and young that may adversely affect their productivity in any particular year. Previously reported natural cycles in small mammal populations (Cheveau et al. 2004 ) and the associated potential losses may act in conjunction with enhanced populations of larger mammalian predators, such as marten (Martes spp.; Fryxell et al. 1999 ). This could compound predation pressure on songbird nests, as we suspect occurred during our study. However, anthropogenic activities may further increase the level of predation experienced by songbirds nesting in boreal ecosystems through their influence on the behaviour of the nest predator guild. We found that gray jay predation and that attributable to all predators combined rose in an additive fashion as forest harvesting activity increased in the surrounding landscape. Thus, in agreement with the findings of Darveau et al. (1997) , our results point to the need for land-use planners to incorporate songbirdpredator population dynamics and behaviour into their longterm harvest strategies. By limiting the loss of forest cover through harvest during peaks in potential nest predator populations, planners may prevent excessive local songbird population declines resulting from the combined impact of an escalating predator population and an additive response to harvest-related fragmentation of the forest. This may be particularly important given the extensive and expanding harvest of boreal forests in Canada (Imbeau et al. 2001) .
